Surface munt packages are heated up above solder melt ing temperature during reflow soldering process. If t h e p l a s t i c e n c a p s u l a n t h a s absorbed m o i s t u r e , package cracking may occur. In t h i s study, an evaluat i o n method of Lhe package cracking is developed by means of moisture diffusion analysis of p l a s t i c and deformation and s t r e s s analysis of packages.
I I (b) Surface Mounted Type
of the p l a s t i c and a deformation and s t r e s s analysis of packages were performed, and strength evaluation was made.
Analysis of Package Cracking Mechanism
Package cracking occurs a s follows: Moisture absorption process : Atmospheric moisture dissolves and d i f f u s e s in the p l a s t i c encapsulant. Vaporization process : Moisture a t the interface between the chip pad and t h e p l a s t i c i s vaporized by h e a t i n g d u r i n g reflow s o l d e r i n g . The vapor pressure deforms the p l a s t i c below the chip pad and causes stress in t h e p l a s t i c .
If the stress i s excessive, package cracking occurs.
In t h i s study, a moisture diffusion analysis in the p l a s t i c and deformation and stress analysis of the packages were performed.
An o u t l i n e of the package during reflow soldering i s shown in Fig. 3(a) .
Delamination of the p l a s t i c fran the chip pad occurs. P l a s t i c below the chip pad is deformed by vapor pressure generated in the space between t h e chip pad and the p l a s t i c . 'Ihe p l a s t i c i s modeled as shown in Fig. 3 
(b). Since the chip pad s i z e is l a r g e enough compared t o t h e t h i c k n e s s of t h e p l a s t i c , diffusion of the moisture can be considered t o be o n l y i n t h e d i r e c t i o n p e r p e n d i c u l a r t o t h e c h i p pad. 'Ihe space between t h e chip pad and the p l a s t i c is f i l l e d with vapor due t o m o i s t u r e i n t h e p l a s t i c .
The mass content of the moisture in the p l a s t i c C is a function of distance f r a n chip pad x and time t .
This r e l a t i o n is described by the following diffusion equation fran F i c k ' s second law: a_ c = D i 2 C
'
(1) a t a x where D is diffusion c o e f f i c i e n t of moisture in the p l a s t i c and assuned t o be independent fran moisture content. I n i t i a l and boundary conditions are:
In i t i a l cond i t ion : C(t=O)=Co(x>. of the plastic and a deformation and stress analysis of packages were performed, and strength evaluat ion was made.
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Fig. 2 Package Cracks
In th is study, a mois ture d i f fus ion analys is in the plastic and deformation and stress analysis of the packages were performed.
Si Chip Chip Pad Plastic
Analysis of Package Cracking Mechanism
Package cracking occurs as follows: Moisture absorption process : Atmospheric moisture dissolves and diffuses in the plastic encapsulant. Vaporization process : Moisture at the interface between the chip pad and the plastic is vaporized by heating during reflow soldering. The vapor pressure deforms the plastic below the chip pad and causes stress in the plast ic.
If the stress is excessive, package cracking occurs.
(1) (2) An outline of the package during reflow soldering is shown in Fig. 3(a) .
Delamination of the plastic fran the chip pad occurs. Plastic below the chip pad is deformed by vapor pressure generated in the space between the chip pad and the plastic. The plastic is modeled as shown in Fig. 3(b) . Since the chip pad size is large enough compared to the thickness of the plastic, diffusion of the moisture can be considered to be only in the direction perpendicular to the chip pad. The space between the chip pad and the plastic is filled with vapor due to moisture in the plastic.
The mass content of the moisture in the plastic C is a function of distance fran chip pad x and time t. This relation is described by the following diffusion equation fran Fick's second law: aC a 2 c --=D--Z ' (1) at ax where D is diffusion coefficient of moisture in the plast ic and assumed to be independent fran moisture content. Initial and boundary conditions are: Initial condition C(t=O)=CO(x).
(2) Boundary conditions C(x=O)=pS:
Abstract
(b) Surface Mounted Type
A quant itat ive explanat ion of the mechanism of this phenomenon, however, has not been made, and a radical package design to overcane this problem is not Hvailable at present. The purpose of this study is to develop a method to explain the phenanenon quant itat i'lely.
In this study, a moisture diffusion analysis
PIf5~~I~Lead
(a) Insertion Type
Introduct ion
Recently plast ic IC packages have been changing fran insert ion types ( Fig. 1 (a» to surface mounted types ( Fig. l (b». Surface mounted devices (SMD) soldered directly onto lands on the surface of a printed circuit board (PCB) reduce the size, canplexity and costs of PCBs and facilitate automation of PCB assembly [1] .
Reflow solder ing such as vapor phase (VP) solder ing or infrared (IR) solder ing is used for soldering SMOs onto PCBs. During the process, packages are heated up above solrier melting temperature.
If the plast ic encapsulant has absorhed moisture, package cracking may occur during reflow soldering as shown in Fig. 2 . Cracking must be prevented to l2uarantee the reliability of the mounted devices. Cracks are caused by vapor pressure generated inside the package causing excessive stress in the plastic [2] . The influence of package structure on package cracking has been investigated exper imenta11y and rates of moisture absorpt ion and desorption of packages have been measured [3] .
Surface mount packages are heated up above solder melt ing temperature dur ing reflow solder ing process. If the plastic encapsulant has absorbed moisture, package cracking may occur. In this study, an evaluat ion method of the package cracking is developed by means of moisture diffusion analysis of plastic and deformation and stress analysis of packages. 
and i s a function of x only; p, vapor pressure in the space: S, solution c o e f f i c i e n t of moisture into the plastic: h , thickness of the p l a s t i c below the chip pad and p and ps are r e l a t i v e hunidity and the s a t u r a ted vapor pressure of the atmosphere, respectively. In t h i s a n a l y s i s , s a t u r a t e d m o i s t u r e c o n t e n t in t h e p l a s t i c i s assumed t o be p r o p o r t i o n a t e t o vapor pressure, i.e., expressed by Henry's law, as shown in Eq. (3) and (4).
The f l u x J a t x=O which means mass of water s u p p l i e d i n t o t h e s p a c e per u n i t a r e a and time i s described by the following equation fran F i c k ' s f i r s t law:
Mass of water in t h e space is a function of time t and given by integrating 6. (5) fran time t = O t o t =t as follows : ( 6 ) where mo is t h e i n i t i a l mass of water in t h e s p a c e and A is area of the chip pad.
Assuming e l a s t i c deformat ion of t h e p l a s t i c , volune of the space V is given by:
V=rlSA , In t h i s a n a l y s i s . T a n i s h i t a ' s e a u a t i o n Since the s t i f f n e s s of the p l a s t i c below the chip pad i s small enough compared t o that of the chip, the chip pad and the p l a s t i c above the chip, the p l a s t i c below the chip pad can be considered a thin p l a t e and the deformation and s t r e s s may be approximated by p l a t e t h e o r y [ 5 ] . The boundary c o n d i t i o n of t h e p l a t e , however, is not simple. In t h i s analysis, t h e deformation and s t r e s s of the p l a s t i c were obtained by the three-dimensional f i n i t e element method (FEM).
Small o u t l i n e J-bend packages (SOJs) a r e employed for the analysis. Since the shape of these packages i s symnetric with respect t o the two center l i n e s perpend i c u l a r l y intersecting each other, one-fourth of the packages are analyzed.
The nunber of nodes and elements of the FEM models are 2535 and 1638, respectivel y .
P r e s s u r e a c t i n g on t h e p l a s t i c i s 0.98 MPa (10 atm) .
An example of d e f o r m a t i o n i s shown in F i g . 4. Dotted l i n e s show i n i t i a l shape and solid lines show shape a f t e r loading. Deformation value is magnified t o 10 times the s i z e of the model for the figure.
Cases were analyzed with varying s i z e of chip pad, thickness of the p l a s t i c below the chip pad and modulus of e l a s t i c i t y of t h e p l a s t i c .
It is found that the maximun clearance of t h e space between chip pad and p l a s t i c i s g i v e n by t h e f o l l o w i n g e q u a t i o n f o r t h e package with long rectangular chip pad of which aspect r a t i o is more than 2. 5: a2 .91
Eo * 93h *9 '
where a is s i z e of chip pad in the short d i r e c t i o n : E , modulus of e l a s t i c i t y of t h e p l a s t i c ; h , thickness of the p l a s t i c and 60, the i n i t i a l clearance. The units of 6, So, a , h a r e mm and t h e s e of p and E a r e MPa. 
where CO(x) is initial distribution of moisture content and is a function of x only: p, vapor pressure in the space: S, solution coefficient of moisture into the plastic: h, thickness of the plastic below the chip pad and p and ps are relative humidity and the saturated vapor pressure of the atmosphere, respect ively. In this analysis, saturated moisture content in the plast ic is assumed to be proport ionate to vapor pressure, Le., expressed by Henry's law, as shown in Eq. (3) and (4).
The flux J at x=O which means mass of water supplied into the spa~e per u~it area a~d~im~is descr ibed by the followmg equat lOn fran FICk s first law:
ax x= Mass of water in the space is a function of time t and given by integrating Eq. (5) fran time T =0 to T =t as follows: m911Q+AIgD(:;) x=O dT, where mo is the initial mass of water in the space and A is area of the chip pad.
Assuming elast ic deformat ion of the plast ic, volume of the space V is given by:
where n is constant and S is the maximum clearance of the space. The specific volume of vapor v is i!iven by:
v~/m (T he specific volume v is a function of vaoor pressure p and temperature T and is described by steam-state equations. In this analysis, Tanishita's equation [4] is employed as follows: 6 34 5 _ 461.2T 0.668 Since the stiffness of the plastic below the chip pad is small enough compared to that o~the chip, t~e chip pad and the plast IC above. the chIp, . the plast IC below the chip pad can be consIdered a .thm plate and the deformation and stress may be approxImated by plate theory [5] . The boundary c.ond it ion. of the plate, however, is not simple. In thl.S analysIs,~he deformation and stress of the plastIc were obtamed by the three-dimensional finite element method (FEM).
Small outline J-bend packages (SOJs) are employed for the analysis. Since the shape of these packages is symmetric with respect to the two center lines perpend icularly intersect ing each other, one-fourth of the packages are analyzed. The number of nodes and elements of the FEM models are 2535 and 1638, respectively.
Pressure acting on the plastic is 0.98 MPa (10 atm).
An example of deformation is shown in Fig. 4 . Dotted lines show init ial shape and solid lines show shape after loading. Deformation value is mai!nified to 10 times the size of the model for the figure.
Cases were analyzed with varying size of chip pad, thickness of the plastic below the chip pad and modulus of elasticity of the plastic.
It is foun? that the maximum clearance of the space between chIp pad and plastic is given by the follo~ing equatio? for the package with long rectangular ChIp pad of whIch aspect ratio is more than 2.5:
2.91 c 0 249 a p+S (0)
where a is size of chip pad in the short direction; E, modulus of elasticity of the plastic; h, thickness of the plastic and 00, the initial clearance. The units of b, 00, a, hare mm and these of p and E are MPa.
(a) X-Z Section .
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Since t h e edge t i p s a r e s i n g u l a r p o i n t s w i t h i n t h e e l a s t i c s t r e s s Eield, the efEect of s t r e s s concentration on fracture of the p l a s t i c must be considered. Fracture of the p l a s t i c encapsulant a t low temperature can be evaluated by l i n e a r f r a c t u r e mechanics [ 6 ] .
Investigation of the strength of the p l a s t i c a t high temperature, however, i s not s u f f i c i e n t . For t h i s reason, vapor p r e s s u r e i s employed t o e v a l u a t e t h e strength of the p l a s t i c and predict whether package w i l l crack during reflow soldering.
If temperature i s piven a s a function of time t , unknown quantities C(x.t), p ( t ) , 6 ( t ) and U ( t ) can be obtained by the equations described above. Since the r e l a t ionships between temperature and time and between properties of the p l a s t i c and temperature a r e nonlinear in general, they cannot be solved analytically.
In t h i s study, they were calculated by the f i n i t e difEerent i a l method.
Properties of P l a s t i c a t High Temperature Epoxy resins f i l l e d with fused s i l i c a are used as p l a s t i c encapsulant t o l i m i t t h e thermal expansion c o e f f i c i e n t , t o improve s t r e n g t h , and t o i n c r e a s e m o l d a b i l i t y [3]. The p r o p e r t i e s of t h e s e p l a s t i c s
change accordingly with content and shape of s i l i c a and with the variety of epoxy resin.
Although diffusion and solution coefficients, mdulus of e l a s t i c i t y and €racture s t r e s s are necessary in t h i s analysis, these properties a t high temperature have not been obtained. Therefore, the relationships between temperature and these properties were measured in t h i s study.
Diffusion Coefficient
Diffusion coefficient of moisture in the p l a s t i c was measured by using p l a s t i c specimens whose dimensions a r e 1 x 4~1 3 mn.
The specimens were exposed t o Subsequently, they were baked a t 60°C, 120°C and 180"C, and the relationship between decrease of mass and time was measured a t each temperature. A three-dimensional misture diffusion analysis of the specimens was performed t o determine the diffusion coefficient D.
The relationship between the diffusion coefficient and temperature is shown in Fig. 5 . The relationship is described by the following Arrhenius equation:
(12) where T i s absolute temperature: ED, the activation W F X P ( -m ) ED 9 energy; R, the gas constant: E r 4 . 8 4 104J/ml, Do47.2 2 ml / S .
Solut ion Coefficient
Solution coefficient of moisture i n t o the p l a s t i c was measured by the absorption test of packages a t 40°C and 85 percent r e l a t i v e hunidity (40°C/95%), 65"C/95%, 85"C/95% and 120°C /loo%. The r e s u l t s a r e shown i n I t shows that the relationship between the s o l u t i o n c o e f f i c i e n t and temperature can a l s o be described by the Arrhenius equation:
where E~= -3 . 8 7~ 104J/mol and S0=4.96xlO-~mg/m~MPa.
Bending Strength and Modulus of E l a s t i c i t y
Bending strength and modulus of e l a s t i c i t y of the p l a s t i c at high temperature were measured by a three point bending test of specimens with a thickness of 4 rmn and width of 13 rmn. The r e s u l t s a r e shown i n The maximum stress of the plastic generated at the element (element size 0.05 x O.lx2.25) adjacent to the center of the long sides of the chip pad is given by:
}.39
a=3.15 hDD P .
Since the edge tips are singular points within the elast ic stress field, the effect of stress concentrat ion on fracture of the plast ic must be considered. Fracture of the plastic encapsulant at low temperature can be evaluated by linear fracture mechanics [6] . Investigation of the strength of the plastic at high temperature, however, is not sufficient. For this reason, vapor pressure is employed to evaluate the strength of the plast ic and pred ict whether package will crack during reflow soldering.
saturated vapor at 120°c (0.20MPa) for 72 hours to absorb rroisture until saturated. Mass of specimens was measured by a chemical balance. Subsequent ly, they were baked at 60·C, 120·C and 180·C, and the relationship between decrease of mass and time was measured at each temperature. A three-dimensional rroisture diffusion analysis of the specimens was performed to determine the d i ffus ion coeff ic ient D.
The relat ionsh i p between the d iffus ion coeff icient and temperature is shown in Fig. 5 . The relationship is described by the following Arrhenius equation:
where T is absolute temperature: ED, the activation energy; R, the gas constant; Eo=4.84 104J /rrol , D0=47.2 rrrn 2 / s. Solution Coefficient (3) and SO=4.96xlO-7mg/mm3MPa.
If temperature is given as a function of time t, unknown quantities C(x.t), pet). I; (t) and a (t) can be obtained by the equations described above. Since the relationships between temperature and time and between properties of the plastic and temperature are nonlinear in general, they cannot be solved analytically.
In this study, they were calculated by the finite different ial method.
Properties of Plastic at High Temperature
Epoxy resins filled with fused silica are used as plastic encapsulant to limit the thermal expansion coefficient, to improve strength, and to increase moldability [3] . The properties of these plastics change accordingly with content and shape of silica and with the variety of epoxy resin. Although diffusion and solut ion coefficients, rrodulus of elasticity and fracture stress are necessary in this analysis, these properties at high temperature have not been obtained. Therefore, the relat ionships between temperature and these properties were measured in this study.
Diffusion Coefficient
Diffusion coefficient of moisture in the plastic was measured by us ing plast ic specimens whose d imensions are 1x4x 13 rrrn.
The specimens were exposed to Solution coefficient of moisture into the plastic was measured by the absorption test of packages at 40·C and 85 percent relative humidity (40·C/95%), 65·C/95%, 85·C/95% and 120·C /100%.
The results are shown in Fig. 6 .
It shows that the relat ionship between the solut ion coefficient and temperature can also be described by the Arrhenius equation: In order to check the propriety of the present analysis, deformations of the packages when cracking occurred during IR heating were measured and ccmpared with t h e c a l c u l a t e d v a l u e by t h e p r e s e n t a n a l y s i s .
Experimental Method
The experimental equipnent is shown i n Fig. 8(a) . An SOJ package was placed on a hard heat insulator and a fused s i l i c a needle with a 0.8 mn diameter was set upright on the center of the package. A metal chip was a t t a c h e d t o t h e t o p of t h e n e e d l e t o measure t h e displacement by a non-contact detector. The measured displacement was considered t o be deformation value of t h e package. The package was heated by a 100 W IR h e a t e r . The temperature p r o f i l e was measured by a thermocouple with a 0.1 m diameter placed i n t h e interface between the chip pad and the p l a s t i c as shown in Fig. 8(b) .
The packages were tested a f t e r being exposed t o s a t u r a t e d vapor a t 120°C t o absorb m o i s t u r e u n t i l saturated. Therefore dried packages were also tested under the same conditions and the differences between the displacement of moisture absorbed packages and that of dried packages were considered t o be the clearance between chip pad and p l a s t i c caused by vapor pressure.
Displacement observed in t h i s experiment i n c l u d e s thermal expansion of t h e package, bending deformation due t o temperature d i s t r i b u t i o n and m i smatch of thermal expansion coefficients of the ccmpo-
Experimental Result
Measured temperature p r o f i l e is shown in Fig. 9 . The r a t e of r i s i n g temperature above 150°C was about 3"C/s, which is one-tenth the r a t e used in the general ref low soldering process.
Change in clearance is shown in Fig. 10 . Package cracking occurred a t 33 or 34 seconds a f t e r beginning heating. Deformation changed suddenly j u s t before the crack i ng .
Experimental r e s u l t s were simulatpd by the present a n a l y s i s . Temperature p r o f i l e shown i n F i g . 9 was approximated with following equation: where T i s i n C and t , seconds. Solid l i n e in Fig. 10 shows calculated r e s u l t s , which approximately agree with the experimental r e s u l t s .
The v a l i d i t y of the present analysis i s considered to be confirmed.
Change of vapor pressure during the experiment is T=22+0.9 16 t+23.63E , 
Deformation of Package during IR Soldering
In order to check the propr iety of the present analysis, deformations of the packages when cracking occurred dur ing IR heat ing were measured and canpared with the calculated value by the present analysis. nents and thermal dr i ft of the detector.
Therefore dried packages were also tested under the same conditions and the differences between the displacement of moisture absorbed packages and that of dr ied packages were cons idered to be the clearance between ch i p pad and plastic caused by vapor pressure.
Experimental Method
The experimental equipment is shown in Fig. 8(a) . 1m SOJ package was placed on a hard heat insulator and a fused silica needle with a 0.8 rrm diameter was set upright on the center of the package. A metal chip was attached to the top of the needle to measure the displacement by a non-contact detector. The measured displacement was considered to be deformation value of the package. The package was heated by a 100 W IR heater. The temperature profile was measured by a thermocouple with a 0.1 mm diameter placed in the interface between the chip pad and the plastic as shown in Fig. 8(b) .
The packages were tested after being exposed to saturated vapor at 120°C to absorb moisture until saturated.
Displacement observed in th is experiment includes thermal expansion of the package, bending deformation due to temperature d istr ibut ion and mismatch of thermal ex pans ion coeff icients of the canpo-
Experimental Result
Measured temperature profile is shown in Fig. 9 . The rate of rising temperature above lSO°C was about 3°C/s, which is one-tenth the rate used in the general reflow soldering process.
Change in clearance is shown in Fig. 10 . Package cracking occurred at 33 or 34 seconds after beginning heating. Deformation changed suddenly just before the cracking.
Experimental results were simulated by the present analysis. Temperature profile shown in Fig. 9 was approximated with following equation:
T=22+O.916t+23.63/t , (14) where T is in C and t, seconds. Solid line in Fig. 10 shows calculated results, which approximately agree with the experimental results.
The valid i ty of the present analysis is considered to be confirmed.
Change of vapor pressure during the experiment is --r-------1----+---~~"": Fig. 11 . The saturated vapor pressure a t each temperature i s a l s o shown f o r r e f e r e n c e . Although generated vapor pressure equals saturated vapor pressure a t the beginning of heating, generated pressure values are lower than those for saturated pressure with increasing of temperature. This is due t o insufficient r a t e of moisture diffusion into the space and t o the equilibriun s t a t e of the vapor and moisture. Since saturated m i s t u r e content of p l a s t i c increases with increasing temperature, generated vapor in the space could e x i s t in equilibriun with the moisture a t lower pressure than saturated vapor pressure.
Relationship between Package Cracking and Condition oE Moisture Absorption
The level of moisture s a t u r a t i o n (determing r a t i o of the actual absorbed moisture mass t o the saturated absorbed m o i s t u r e mass) h a s been g e n e r a l l y used t o evaluate package cracking.
To check the v a l i d i t y of t h i s evaluation method, several packages with d i f f e rent level of moisture s a t u r a t i o n were heated up t o 215 O C by VP soldering e q u i p e n t and existence of package cracks was investigated. To produce d i f f e r e n t level of moisture s a t u r a t i o n , a two-way experiment was perfomed.
One group of packages was d r i e d completely and was exposed t o S5°C/85%. The o t h e r group was exposed t o 85"C/85% u n t i l saturated and was baked a t 80 "C in dry a i r . The relationship between the level of moisture s a t u r a t i o n and the absorption or desorption time i s shown in F i g . 12. The blackened symbols represent the packages which were cracked during VP soldering and open ones represent those not cracked. Although the cracking limit level of moisture saturat i o n for a b s o r p t i o n i s about 75%, t h a t a t d e s o r pt i o n i s about 25%. A s i s obvious from t h i s experiment, the package cracking depends on not only the l e v e l of m o i s t u r e s a t u r a t i o n of t h e package but a l s o t h e hysteresis of moisture absorption. Therefore, evaluation by the level of moisture s a t u r a t i o n method i s not always appropriate. I t i s considered that the d i f f e rence due t o the h y s t e r e s i s i s caused by the d i s t r i b ut i o n of m o i s t u r e c o n t e n t i n t h e package. Moisture content a t the part of t h e p l a s t i c facing the space has the greatest influence on the generation of vapor, and i t does not correspond t o the average level of moisture saturation. I t is considered that the misture content at that part is always lower than the average moisture content at absorption and i s always higher a t desorpt ion. The r e s u l t s a r e shown i n F i g . 13. The moisture contents a t the i n t e r f a c e when package cracking occurred a t absorption (34 hours) and a t desorption (26 hours) are 63% and 60% respectively, and are in approximate agreement.
In order t o confirm t h i s hypothesis, the change of d i s t r i b u t i o n of m o i s t u r e c o n t e n t in t h e p l a s t i c a t
I t i s found t h a t package c r a c k i n g depends on t h e m o i s t u r e c o n t e n t of t h e p l a s t i c a t the interface.
Vapor pressure generated inside the space between the chip pad and the p l a s t i c is analyzed by the present method and the r e s u l t s are shown in Fig. 14 
As s e e n from t h i s example, i t is p o s s i b l e t o evaluate the strength of t h e package against cracking by the present analysis method q u a n t i t a t i v e l y . Vapor pressure generated inside the space between the chip pad and the plastic is analyzed by the present method and the results are shown in Fig. 14. Vapor pressure values corresponding to the cracking limit time at absorption and desorption almost coincide. absorption and desorption was calculated by the present analysis. The results are shown in Fig. 13 . The moisture contents at the interface when package cracking occurred at absorption (34 hours) and at desorption (26 hours) are 63% and 60% respect ively, and are in approximate agreement.
Absorption or Desorption Time hours
It is found that package cracking depends on the moisture content of the plastic at the interface. 
1.5
In order to confirm this hypothesis, the change of distribution of moisture content in the plastic at
shown in Fig. 11 . The saturated vapor pressure at each temperature is also shown for reference. Although generated vapor pressure equals saturated vapor pressure at the beginning of heating, generated pressure values are lower than those for saturated pressure with increasing of temperature. This is due to insufficient rate of moisture diffusion into the space and to the equilibrium state of the vapor and moisture.
Since saturated moisture content of plastic increases with increas ing temperature, generated vapor in the space could exist in equilibrium with the moisture at lower pressure than saturated vapor pressure.
Relationship between Package Cracking and Condition of Moisture Absorption
The level of moisture saturation (determing ratio of the actual absorbed moisture mass to the saturated absorbed moisture mass) has been generally used to evaluate package crack ing.
To check the val id i ty of this evaluation method, several packages with different level of moisture saturation were heated up to 215°C
by VP solder ing equipment and existence of package cracks was investigated. To produce different level of moisture saturation, a two-way experiment was performed.
One group of packages was dr ied completely and was exposed to 85°C/85%. The other group was exposed to 85°C/85% until saturated and was baked at 80 ·C in dry air. The relationship between the level of moisture saturation and the absorption or desorption time is shown in Fig. 12 . The blackened symbols represent the packages which were cracked during VP solder ing and open ones represent those not cracked. Although the cracking limit level of moisture saturation for absorption is about 75%, that at desorption is about 25%. As is obvious from this experiment, the package cracking depends on not only the level of moisture saturat ion of the package but also the hysteresis of moisture absorption. Therefore, evaluation by the level of moisture saturation method is not always appropr iate. It is cons idered that the d i fference due to the hysteresis is caused by the distribution of moisture content in the package. Moisture content at the part of the plastic facing the space has the greatest influence on the generation of vapor, and it does not correspond to the average level of moisture saturation. It is considered that the moisture content at that part is always lower than the average moisture content at absorpt ion and is always higher at desorption. Package cracking occurrence is shown schematically in Fig. 15. x-axis shows the increasing temperature of a package during reflow soldering and y-axis shows the strength and the maximun stress of the p l a s t i c a t each temperature.
Maximun stress of the p l a s t i c changes l i k e A, B or C in Fig. 15 , for example. Maximun s t r e s s is determined by t h e s t r u c t u r e of t h e package, t h e l e v e l of m o i s t u r e s a t u r a t i o n and t h e h y s t e r e s i s of moisture absorption. Since the strength of the p l a s t i c decreases with increasing temperature, package cracking occurs a t the temperature when maximun s t r e s s exceeds strength.
Assuning reflow temperature t o be 215"C, package cracking occurs in t h e cases of A and B and does not occur in the case of C.
Methods of preventing package cracking correspondi n g t o t h e above f a c t o r s a r e c o n s i d e r e d t o b e a s follows :
(1) Prevent t h e package from a b s o r b i n g m o i s t u r e . The f i r s t method is studied by wrapping packages with moisture protective film [ 7 ] . Wrapped packages can be s t o r e d 10 times a s l o n g a s unwrapped o n e s . Another methods a r e a l s o being studied by the present analysis.
Conclusions
To evaluate package cracking which occurs in SMDs t h a t have absorbed m o i s t u r e , a m o i s t u r e d i f f u s i o n a n a l y s i s i n t h e p l a s t i c , a deformation and s t r e s s analysis of the package and measurement of some proper- Several packages with d i f f e r e n t level of moisture s a t u r a t i o n and h y s t e r e s i s of moisture absorption are heated by VP soldering and existence of package crack is investigated.
Vapor pressure and d i s t r i b u t i o n of moisture content of these packages are calculated by the present analysis. I t i s found that generated vapor pressure is lower than saturated vapor pressure and depends on t h e m o i s t u r e c o n t e n t a t t h e p a r t of t h e p l a s t i c f a c i n g t h e s p a c e where vapor p r e s s u r e i s generated.
A s seen frcm t h i s example, i t i s possible t o e v a l u a t e package c r a c k i n g by t h e p r e s e n t a n a l ysis method q u a n t i t a t i v e l y .
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, no. , pp: 4-, 1 . Several packages with different level of moisture saturat ion and hysteres is of moisture absorpt ion are heated by VP soldering and existence of package crack is invest igated.
Vapor pressure and d istr ibut ion of moisture content of these packages are calculated by the present analysis. It is found that generated vapor pressure is lower than saturated vapor pressure and depends on the moisture content at the part of the plast ic facing the space where vapor pressure is generated. As seen fran this example, it is possible to evaluate package cracking by the present analysis method quantitatively. To evaluate package cracking which occurs in SMDs that have absorbed moisture, a moisture diffusion analysis in the plastic, a deformation and stress analysis of the package and measurement of some properties of plastic at high temperature are performed. The validity of the analysis is confirmed by a measurement 1.5 .,.-----,:-------,------,-----,------, CO Cl..
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The first method is studied by wrapping packages with moisture protective film [7] . \<1rapped packages can be stored 10 times as long as unwrapped ones. Another methods are also being studied by the present analysis.
Methods of preventing package cracking corresponding to the above factors are considered to be as follows: (1) Prevent the package from absorbing moisture. (2) Design structure of package to decrease maximllD stress of plastic due to vapor pressure. (3) Develop plastic with high strength at high temperature.
Package Cracking Conditions
The factors which influence package cracking are considered to be as follows: (1 Package cracking occurrence is shown schematically in Fig. 15. x-axis shows the increasing temperature of a package during reflow soldering and y-axis shows the strength and the maximllD stress of the plastic at each temperature.
MaximllD stress of the plast ic changes like A, B or C in Fig. 15 , for example. MaximllD stress is determined by the structure of the package, the level of moisture saturation and the hysteresis of moisture absorption. Since the strength of the plastic decreases with increasing temperature, package cracking occurs at the temperature when maximllD stress exceeds strength.
AssllDing reflow temperature to be 215°C, package cracking occurs in the cases of A and B and does not occur in the case of C. 
